Abstract: Luminescent cyano-substituted distyrylbenzene derivatives were synthesized via Knoevenagel condensation reactions. By using these compounds as initiators, a series of rod-coil polymers were synthesized by the atom transfer radical polymerization of methacrylate containing hole transporting carbazole moiety in high yields except the initiator with dicyanovinyl end groups. Molecular weight up to 37000 and polydispersity indices not exceeding 1.6 were obtained. Photoluminescent spectra revealed the aggregation of the rod parts in the solid state. The rod parts containing fluorinated alkyl groups were further aggregated by the heat treatment. The contact angle measurements suggested the fluoro alkyl groups dominated the film surface in the aggregation process. Microporous films with the open pore diameter of 1.1 or 3.7 µm were fabricated by casting the polymer solution under a moist air flow. Transmission spectrum showed the dip originated from the periodic arrangement of micropores.
Introduction
Rod-coil type polymers and oligomers have attracted much attention since they have the high potential for self -assembled materials accompanied with the microphase separation of the blocks and the aggregation of the rigid rods [1] . Several luminescent rod-coil polymers have been reported [2] [3] [4] [5] . However, in most of them, electrically inert coil polymers such as polystyrene [2] [3] [4] and poly(oxyethylene) [5] were introduced as a counterpart of luminescent rods, such as oligo (phenylenevinylene)s and oligo(fluorene)s. Our novel molecular strategy is to introduce different functionalities to each building block, i.e., the rod-coil multifunctional polymers are reported here, where a rod part, consisting of cyano-substituted distyrylbenzene moeity with fluoroalkyl chain, plays a role of a luminescent chromophore and electro transportation due to the electron accepting nature [6, 7] and a coil part consists of polymethacrylate with hole transporting carbazole units. Ultimate purpose of our studies is the preparation of completely monolithic electroluminescent polymers, which self-organize to afford the quasi-layered structure for high luminescent efficiency. It is expected that in a spin-cast polymer film on a transparent electrode, hole injecting or transporting moiety preferentially exists near the electrode, and low surface tension luminescent rods with fluoroalkyl groups aggregate near the top of the fabricated film.
Atom transfer radical polymerization (ATRP) [2, 8] was chosen to prepare the polymers. The process in ATRP does not demand strict reaction conditions, and it can lead to polymers with well-defined structure including the facile introduction of a desired end group and relatively narrow molecular weight distributions.
Additionally it is recently observed that rod-coil block copolymers [9] [10] [11] as well as amphiphilic polymers [12, 13] spontaneously form ordered microporous structures with a variety of length scale, when the polymer solutions are cast under humid conditions. In the case of a specially designed block copolymer, resulting porous films have highly ordered hierarchical structures over multiple length scales from angstroms to micrometers [11] . Microporous polymer films were also fabricated utilizing self-organization and characterized.
Experimental

Synthesis
Initiators were synthesized according to Scheme 1. Stating material 4-methoxyphenol was reacted with 2-bromoethyl acetate followed by chloromethylation with formaldehyde and HCl. Substitution reaction with cyanide afforded dicyanomethylated compound. Knoevenagel condensation with terephthalaldehyde monodiethylacetal and a subsequent acid treatment gave rise to distyrylbenzene derivative with two formyl groups. Esterification with 2-brompropionyl chloride gave the target initiator (1) . Further Knoevenagel condensation with malononitrile or various fluoroalkyl cyanoacetate converted 1 into modified initiators (2a-d). 3-(N-Carbazolyl)propyl methacrylate (CPMA, 3) was synthesized as shown in Scheme 2. Carbazole was reacted with excess amount of 1,3-dibromopropane in benzene in the presence of NaOH solution and a phase transfer catalyst, benzyltriethylammonium chloride. The product was reacted with methacrylic acid in dimethylformamide in the presence of sodium hydrogen carbonate. Atom transfer radical polymerization of CPMA was conducted at 45 o C under a nitrogen atmosphere utilizing synthesized initiators. CuBr and N,N,N',N",N"-pentamethyldiethylenetriamine were used as a catalyst and a ligand, respectively. Table 1 represents polymerization conditions and characteristics of polymers. Target polymers were also obtained by the Knoevenagel reaction of diformyl polymer (P1) with malononitrile or fluoroalkyl cyanoacetates.
Fabrication of porous film
Chloroform solution (P2b-2, see Table 2 , 4 wt%, 50 µl) was drop-cast on a cleaned glass slide over an area of ca. 1 cm 2 in a custom designed flow-hood (640 cm 3 ). The humidity was kept at 100 % at 25 o C, and flow-rates were controlled to be 3 or 10 L/min using a flow meter.
Measurements
NMR spectra were recorded at 50 o C with a JEOL α-500 spectrometer operating at 500 MHz for 1 H. UV-vis and fluorescent spectra were obtained with a JASCO V-500 UV/VIS/NIR spectrometer and a JASCO FP-777 spectrofluorometer, respectively. The molecular weights of synthesized polymers were estimated by gel permination chromatography using a column packed with styrene-divinylbenzene gel beads [14] . THF was used as an eluent and the molecular weight was calibrated using polystyrene standards (Shodex 
Results and discussion
The structures of initiators were confirmed by 1 H NMR spectroscopy. Initiator 1 was prepared by Knoevenagel condensation followed by the esterification. Under the conditions utilized, only one isomer was obtained in a yield of 55 and 71% for each step. Judging from the chemical shift for vinylene protons (7.75, 7.76 ppm), compound 1 had Z, Z configuration about two vinylene moieties [7] . It was also found that each initiator (2b-d) has Z configuration about terminal double bonds [15] .
As shown in Table 1 , ATRP of monomer 3 successfully afforded the well-defined polymers in high yields except the initiator 2a, which has dicyanovinyl end groups. Molecular weights up to 37000 were obtained and polydispersity indices were below 1.6. It is reported that 1,1-dicyano-2-phenylethene is copolymerized with methyl methacrylate by a conventional radical polymerization, where reactivity ratios are 0.12 ± 0.05 and 2.45 at 65 o C, respectively [16] . Chain transfer of propagating radicals to dicyanovinyl groups probably occurred during polymerization, leading to a low yield. Due to the low solubility of 2d in the polymerization mixture, no polymer was obtained.
Reactions of polymers with formyl end groups (P1-1,2) were confirmed by the disappearance of aldehyde proton signals around 10.2 ppm. The DSC traces on the second heating showed only one baseline shift at 103-105 o C, corresponding to the glass transition of the conventionally prepared homopolymer of 3. No other thermal transitions were observed in the temperature range investigated. Cyclic voltamograms showed the reversible oxidation at E 1/2 (Ox)=0.93V (vs Ag/AgCl). This value is almost consistent with the potential for N-alkylcarbazole [17] . No reduction waves were observed due to the low concentration of the rod parts. Table 2 shows the luminescent wavelengths for solutions and in the solid states (as-cast and annealed films). All initiators showed emission maxima around at 535 nm (1x10 -4 M, chloroform solution). Compared with cyano-substituted distyrylbenze without end functional groups [7] , more than 30 nm bathochromic shifts were observed, which is attributed to the increase of the effective conjugation length and the substituent effect. In the case of polymer solutions, hypsochromic shifts (4 -25 nm) were observed compared with the initiator solutions. These shifts could be mainly due to the fact that the interactions between the chromophores are suppressed by the flexible coils. The extent of the suppression would be dependent on the structure of the chromophore. P2d with the longest fluoroalkyl chains showed the largest hypsocchromic shift.
In the solid state (as-cast films), more than 8 nm red-shifts were observed except P1, suggesting that the partial aggregation occurred. In P2b, the rod parts could aggregate most extensively. The further aggregations were observed by the thermal treatment. In order to investigate the surface properties, the contact angle measurement were carried out for as-cast and annealed films (Table 3) . Polymers with a rod containing fluorinated alkyl groups showed larger contact angles compared with those with a non-fluorinated rod, and they also showed the increase of contact angles by the thermal treatment. This fact strongly suggests that the heating could induce the aggregation of rods accompanied with the surface domination by the fluoroalkyl groups [18] .
The casting films formed by a solvent evaporation process under a moist air flow exhibited periodic microporous structure as shown in Fig.1 . Resulting micropores were hexagonally packed with the narrow size distribution. It is believed that the formation of the microporus structure originates from the presence of condensed water droplets on the solvent evaporation [9] [10] [11] [12] [13] . The diameter of the open pores on the surface was dependent on the flow rate. At 3.0 and 10 L/min, the diameters were 1.1 and 3.7 µm, respectively. This is mainly due to the increase of the condensed water with the increase of flow rate. The film with a diameter of 1.1 µm colored green at the view angle of 90 o , and the color was changed with the view angle. Fig. 2 shows transmission spectrum where the sample was set perpendicular to the incident beam. Although the polymer was completely transparent over 500 nm, the dip was observed in the wavelength range of 520-650 nm, which was resulted from the periodic pore arrangement or the refractive index modulation
Conclusion
End-functional rod-coil type polymers were successfully prepared via the atom transfer radical polymerization. Rod parts were partially aggregated in the solid state. The thermal treatment could induce the further aggregation of rods with fluoro alkyl groups accompanied with the surface domination by the fluoro alkyl groups. Microporous films were easily fabricated by casting the polymer solution under a moist air. The periodic arrangement of pores was confirmed by a transmission spectrum. The materials prepared on the basis of this strategy are expected to have a wide range of applications in a variety of fields such as electroluminescent devices, organic photoconductors, and photonic-band gap materials. 
